This research paper presents the report on the use of wood particle as reinforcement to produce lightweight geopolymer wood composite. In this study, Class F fly ash and metakaolin used as alumino-silicate source were activated by alkaline activator and samples were cured at two different temperatures, 80°C and 20°C. Wood particle, 3 to 5 mm in size was added to fly ash/metakaolin based geopolymers for 10 -60% solid content, and its influence on the compressive strength has been investigated. The microstructure investigation using field emission scanning electron microscopy (FESEM) illustrated fly ash; metakaolin and wood particle were embedded in a dense alumino-silicate matrix, though there was some unreacted phase occurred. The compressive strength of lightweight geopolymer matrix without wood particle added samples cured at 80°C temperature was 5.4 MPa which significantly increased 45% when the 10% wood particle were added. However, the addition of wood particle from 20 to 60% has not shown a major improvement in compressive strength. It was found that the density of the lightweight geopolymer composite was decrease relevant to the amount of wood particles addition. It is suggested that wood particle are one of the potential candidates as reinforcement for lightweight geopolymer composite development.
INTRODUCTION
Lightweight concrete (LWC) is an innovative product in the construction sector. It offers advantages such as reduction of deadweight in structures, better thermal and sound insulation for buildings, and lower transportation costs [19, 26] . Lightweight concrete has light densities ranging from 300 to 1800 kg/m 3 [10] . From a materials perspective, the difference between normal concrete and LWC is that there are no coarse aggregates, which makes LWC a lighter product. According to Ahmaruzzaman [5] , LWC is classified into three types depending on the method of production: LWC with lightweight aggregate, LWC with artificial air bubbles, and LWC with no fine aggregate.
Wood and other lignocellulose materials in the composite act as aggregates or reinforcing materials. According to Shaikh [22] , the addition of synthetic or natural aggregates resources to concrete changes its brittle behavior to ductile or quasi-ductile with significant improvements in tensile strength, tensile strain, toughness, and energy absorption capacities. Besides its availability and low cost, the advantages of using natural resources in concrete composites are low density, biodegradability, acceptable specific properties, recyclability, and environmentally friendliness [6, 10] Due to their performance properties, geopolymers have been evaluated as potential replacements for inorganic binders in lightweight concrete [2, 10, 15, 21, 26] . Geopolymer formation involves a chemical reaction with alumino-silicate reactive materials and strong alkali solutions, which forms a rigid polymer. Many materials that are rich in Al and Si in amorphous form are sources for geopolymers. Some materials, such as fly ash, furnace slag, silica fume, metakaolin, pozzolan, building residues, and natural minerals are also potential sources for geopolymer [15] . The development of geopolymer concrete has produced more environmentally friendly construction materials that reduce greenhouse gas emissions during their production compared with ordinary Portland cement.
There is very limited information on the use of wood particles as aggregates in lightweight geopolymer concrete for structural and non-load bearing applications. Therefore, for this research, geopolymer and wood particles were combined together to study the effect of several mixes of wood particles to the properties of lightweight geopolymer wood composite and the feasibility of using wood particle as reinforcement aggregates in geopolymer concrete. The result is very important for the understanding and future improvement for this composite. Lightweight concrete wood composites will be prepared using fly ash, metakaolin, and wood particles. In LWC containing different percentages of wood particles, important properties such as density, compressive strength, and porosity were determined; LWC was also examined by infrared spectroscopy (FT-IR) and field emission scanning electron microscopy (FESEM).
METHODOLOGY
Class F fly ash, provided by GK Kiel GmbH power plant in Kiel, Germany, and Metakaolin-Argical M1000, obtained from IMERYS Refractory Minerals in Clérac, France, and were used as the starting materials to prepare geopolymers. The chemical composition of the fly ash and metakaolin are tabulated in Table 1 . The microstructure of fly ash and metakaolin were studied by field emission scanning electron microscopy (FESEM) using Quanta FEG Type 250, FEI Electron Optics (SN: D9122), Netherlands. As seen in Figure. 1(a), the fly ash contained spherical shapes with relatively smooth outer surfaces of different sizes. Most particles were hollow and filled with smaller particles in their interior. The surface of the fly ash included some quartz particles with a size distribution between 930 nm to 25000 nm. FESEM micrographs of metakaolin ( Figure. The longish wood particles of mixed softwood, which were used as coarse core layer particles for particleboard manufacturing, were 3 to 5 mm in size and had 6.4% moisture content. The liquid alkaline activator was prepared by mixing a 10 M sodium hydroxide solution with sodium silicate solution at a weight ratio of 2.5:1. The activator solution was thoroughly mixed and stored at ambient conditions for at least one day prior to use. Fly ash at 70 wt.% and 30 wt.% metakaolin were mixed dry with 10 to 60 wt.% wood particles in a pan mixer for 3 min to provide a uniform solid supply. Specimens without wood particles were also prepared as controls. The alkaline solutions 5wt% of hydrogen peroxide was added to the solids, which were thoroughly mixed for another 3 to 5 min to ensure homogeneity. The ratio of alkaline activator to solid material was increased due to the increasing percentage of wood particles in order to improve the workability between solid and fluid. Table 2 describes the mix design used in this study. The fresh mixture had a stiff consistency and was glossy in appearance. The resulting pastes were cast in 50 mm cubic steel molds and were immediately wrapped by plastic film to avoid moisture evaporation during curing. The samples were cured at two different conditions: room temperature (20 °C) for 7 days and at 60 °C in an oven for 24 h; for each condition, they were removed from the molds after 24 h. After curing, the 50 mm cubic samples were stored in plastic bags for 24 h at room temperature to complete the reaction and to avoid drastic changes in environmental conditions before testing.
Before testing, the test specimens were weighed to determine the density of the LWC. The compressive strength of the specimens was performed on cubic samples (50 mm × 50 mm × 50 mm) at different curing conditions in accordance with the ASTM C109 / C109M-12 [8] standard. The average values from the five samples were reported. The compressive strength test was performed on a Mohr and Federhaff AG testing machine Hamburg, Germany using a speed rate of < 10 mm/min.
The porosity of each cube sample was measured according to the ASTM C642-06 [9] standard with some modification. Three specimens from each batch were oven-dried at 105 °C ± 5 °C for 24 h to achieve a constant weight before testing. The porosity was calculated using Eq. 1:
Where W s is the saturated weight (g) and W d is the oven-dry weight (g). The change in the chemical structures in each sample was analyzed using Fourier-transform infrared spectroscopy (type Vector 33 and Hyperion 1000/2000, Bruker, US). The IR spectra were determined in the region of 100 cm -1 to 4000 cm -1 employing the KBr pellet technique. Pelletized disks containing 2 mg of the sample and 298 mg KBr were prepared. The microstructure of the samples was determined using Quanta FEG Type 250, FEI Electron Optics (SN: D9122), Netherlands. Specimens were crushed into small pieces before being coated with a thin layer of gold (to avoid charging).
RESULTS AND DISCUSSION

Density and Porosity
The porosity and density of LWC wood composite at different curing conditions are shown in Figure 2 and 3. The results showed the reduction of density values at increasing levels of inclusion of wood particles. The lowest density results were found in the mixture with 60 wt.% wood particle aggregates, which were 413 kg/m 3 at 80 °C and 372 kg/m 3 at room temperature. Generally, an increase in wood particle aggregates led to a lower density. These results were in agreement with the work done by Alomayri et al. [6] Abdul-Kader et al. [1] , and Timakul et al. [24] where the density of cement composite was decreased by the addition of natural fiber. The density reduction of LWC wood composite might be attributed to a lower specific gravity and density of wood particles itself. An increase in the curing temperature increased the density of the LWC wood composite. Figure 2 represents the influence of curing temperature on the density of the samples which can indicate that higher curing temperature makes the hardened structure of LWC wood composite denser, and hence more compact. Wu and Sun [26] also found that an increase in the curing temperature increased the density of the lightweight samples. This could be attributed to the rapid formation of hard structure at elevated temperature. When the process of hardening proceeds too quickly, it results in less ordered structure with relatively uneven pores sizes distribution compared to LWC wood composite cured at room temperature. The value of the increase in porosity with the increases in the weight percent of wood particles aggregates is shown in Figure. 3. The lowest value of porosity (11.23% for room temperature curing and 15.23% for 80 °C curing) was found in control sample that contained no wood particles aggregates, whereas the lightweight sample containing the highest amount of wood particles (60%) had the highest porosity of 52.17% for 80 °C curing and 45.16% for room temperature curing.
The liquid content had the most influence on the density and porosity. To improve the workability between the geopolymer mixtures while increasing the percentage of wood particles, a high ratio of alkaline activator to solid material was required, this caused an increase of porosity in the resulting LWC wood composites. A study done by Alomayri et al. [7] showed that the addition of extra liquid results in large amounts of "free" liquids that become trapped in inter-granular spaces or in large pores; after geopolymerisation and evaporation during curing and extended ageing, there are many inter-granular pores in the microstructures which contribute to the increased porosity of LWC wood composite.
At high curing temperature, the porosity of LWC wood composite was higher compared to room temperature curing. It is possible that the higher temperatures results in uneven structures of pore volume and pore size in hard structure of LWC wood composite. In addition, the wood particle itself had a potential to be clumping together during mixing resulted in undesirable for achieving a uniform microstructure.
Compressive Strength
The compressive strength was measured on the lightweight sample cured at 80 °C for 24 h and on the sample cured at room temperature for seven days (Figure. 4) . The highest compressive strength, found in the 80 °C cured composites, was 14.37 MPa with 10 wt.% wood particles addition, whereas the compressive strength of the room temperature cured sample was 11.19 MPa with 10 wt.% wood particles. Compared with the samples without wood particles, the 10 wt.% wood particle samples had more than 60% improvement in the compressive strength for both curing conditions. It can be seen that the compression strength of LWC wood composite increase with higher wood particle content up to 10wt% and then decreases thereafter. This could be attributed to the presence of wood particles at the optimum content which can effectively carry more compression load and thus delay the growth of the microcracks. However, further increase of the wood particles content induces poor workability and wood particle agglomeration, resulting in nonuniform wood particles dispersion, heterogeneous and less dense structures. These flaws may lead to stress concentrations and degrade the compressive strength of LWC wood composite. Similar trend was also reported by Alomayri et al. [7] and Timakul et al. [24] for fly ash based geopolymer reinforced with natural fibers. In addition, the inclusion of wood particles is not to increase the compressive strength (sometimes it may decrease the compressive strength), but to control the cracking of the reinforced composite by bridging across the cracks and providing post-cracking [22] . Both the lightweight samples and the control samples showed a positive enhancement of strength when they were cured at an elevated temperature ( Figure. 4) . The compressive strength development seems to depend mainly on the binder (alkali activated fly ash and metakaolin) despite amount of wood particles itself. Wu and Sun [26] stated that the strength of the fly ash-based lightweight inorganic polymer develops rapidly when it is cured at higher temperature.
This effect was attributed to the geopolymer, which gains higher compressive strength at an elevated temperature due to the hydration products that are formed [3, 4, 26] .
Microstructures and FT-IR Analysis
Microstructures in the lightweight samples were observed by FESEM ( Figures. 5 and 6 ). The FESEM analysis was performed only on 0 wt.% and 20 wt.% wood particle samples. The synthesized lightweight samples were compact, but they presented microporosity and nano-porosity, which could have formed during curing or polycondensation. As expected, the existence of these pores resulted in decreased weight, which led to the lightweight concrete classification. Figure 6 contains micrographs of the lightweight samples with wood particles. There was good adhesion between the wood particles and the geopolymer matrix at the interfacial zone. The bonding between wood particles and the geopolymer matrix was crucial to the properties of the concrete composite. The wood particles may control cracking and increase the fracture toughness of the brittle matrix through a bridging action during the micro-and macro-cracking of the matrix [12, 22] . In this study, the lightweight samples with 10% wood particles had better compressive strength (Figure. 4) . This result suggested that the inclusion of wood particles strengthened and toughened the geopolymer concrete, which can effectively carry more compression load and thus delay the growth of the microcracks. Figure 7 shows the FT-IR spectra of metakaolin, the class F fly ash, and the geopolymer pastes after curing. All spectra contained broad absorption bands at about 3427 cm -1 and 1705 cm -1 resulting from hydration water (-OH) and bending (H-O-H) vibrations of water, respectively [17, 20] . The metakaolin spectrum showed sharp peaks at about 1080 cm -1 and 582 cm -1 , which were assigned to the internal vibration of Si-O-Si asymmetrical stretching and Al-O-Si bending vibrations, respectively [14] . The band at about 797 cm -1 was ascribed to Al(VI)-OH stretching vibrations in kaolinite [25] . The FT-IR spectrum of fly ash shows the main absorption band at about 1069 cm -1 due to the Si-OSi and Al-O-Si asymmetric stretching vibration [13] . The main absorption spectrum for both fly ash (1069 cm -1 ) and metakaolin (1080 cm -1 ) were shifted to the lower frequency in the geopolymer pastes (988 cm -1 ), which indicates the formation of a new product (the amorphous aluminosilicates) due to the dissolution of fly ash and metakaolin in the alkaline activator [4, 23] . The band at about 1474 cm -1 was attributed to the stretching of the O-C-O bands, demonstrating the presence of carbonate trace that occurs due to the atmospheric carbonation of a high alkaline NaOH aqueous phase, which was diffused on the geopolymeric materials surface [11, 18, 23] .
CONCLUSION
From this study, the following conclusions can be reached:
(1) Lightweight concrete wood composite can be made from fly ash, metakaolin and wood particles. With 10% wood particles, significantly improved the compressive strength, which was 62% higher than without wood particles LWC. The addition of more than 30 wt. % of wood particles did not shown a major effect on the compressive strength improvement when compared to 10 wt. % wood particle addition, which might due to the poor workability and led to wood particle agglomerations. (2) Obviously, the density of lightweight concrete wood composite decreased with an increase in wood particle content. (3) Strength of the lightweight concrete wood composite increased rapidly when it is cured at Unreacted fly ash
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higher temperature than at room temperature. It is recommended that during curing, the samples should be wrapped to preserve moisture, and to prevent shrinkage cracks. (4) The inclusion of wood particle in the concrete decreases workability, thus demanding more amount of alkaline activators, NaOH and sodium silicate.
